Introduction {#sec1-1}
============

Cervical spine injury (CSI) occurs in 0.9% to 3% of all patients with blunt trauma, with a weighted average of 1.8% (Crosby et al., 1990; Casha et al., 2011). Acute cervical spinal cord injury (CSCI) can cause significant morbidity and mortality. Most of these patients will see an anesthesiologist, as patients with CSCI often require emergent airway management (intubation) and emergent surgery. Guidelines (Hadley et al., 2013) exist for the treatment of spinal cord injury (SCI), but these include few details for anesthesiologists, even though they always take part in patient management. Anesthesiologists may be able to prevent or minimize secondary injury to the nervous system and improve patient outcome by ensuring that they understand the pathophysiology of CSCI and make a patient-specific plan during the perioperative period. In this review, we highlight important factors for the optimal treatment of acute CSCI patients by anesthesiologists during preoperative interviews, airway management, induction administration, management during general anesthesia, and recovery phases. We hope that such information will provide anesthesiologists with useful information about CSCI, enabling them to provide optimal management (**[Figure 1](#F1){ref-type="fig"}**).

![Guide for developing an appropriate anesthetic plan for acute cervical spinal cord injury.\
MILI: Manual in-line immobilization; MAP: mean arterial pressure.](NRR-12-499-g001){#F1}

Preoperative Assessment {#sec2-1}
-----------------------

During this period, the anesthesiologist has the opportunity to interrogate and examine patients to develop treatment strategies. As CSCI patients present a particular challenge, anesthesiologists should pay special attention to establishing an anesthesia plan for these patients.

History {#sec2-2}
-------

First, it is necessary to determine the cause of injury, if possible. This will enable the anesthesiologist to anticipate likely injury patterns. For example, "rear end" motor vehicle collisions usually result in damage to central cord syndrome patterns. Second, the time span from injury to treatment is important as this dictates whether prophylactic anticoagulation and hypothermia can be used. Additionally, the time course of treatment may signal the potential for complications that require anesthesiologist management. Although the timing of decompressive surgery was not given in some CSCI studies (Casha et al., 2011; Hadley et al., 2013), early surgery has been found to be feasible and safe, and can improve clinical and neurological outcomes as well as reduce medical costs (Furlan et al., 2011).

Physical examination {#sec2-3}
--------------------

An initial assessment of the airway, respiration, and circulation of the patient should always be conducted prior to evaluation of the spine. CSCI patients should be monitored in intensive care, and hemodynamic instability and respiratory insufficiency should be managed. Maintenance of mean arterial blood pressure (MAP) at 85 to 90 mmHg in the first week following injury can improve spinal perfusion (Hadley et al., 2013). Respiratory insufficiency is common after CSCI. CSCI disrupts the function of the diaphragm, muscles, accessory respiratory muscles, and abdominal muscles. This can lead to the loss of vital capacity and expiratory force, predisposing patients to atelectasis and the secretion retention, thus resulting in a high incidence of pneumonia. Patients with CSCI above C3--5 often need respiratory care. Intubation and ventilator support should be used if the patient has the following conditions: (1) PaO2 \< 60 mmHg (1 mmHg = 0.133 kPa), (2) PaCO2 \> 45 mmHg, or (3) respiratory rate \> 35 breaths per minute despite medical management (Friedman et al., 1999). Intranasal oxygen is usually sufficient for patients with CSCI below C5.

Neurological examination is thus necessary to designate the injured segment of the spinal cord. Frankel classification (**[Table 1](#T1){ref-type="table"}**) concerns both motor and sensory functions, and is associated with long-term prognosis. To exclude "spinal shock", it is not possible to diagnose patients until at least 24--48 hours after injury.

###### 

Frankel classification of spinal cord injury patients

![](NRR-12-499-g002)

Radiographic assessment {#sec2-4}
-----------------------

Radiographic images are widely used to evaluate CSI and SCI. For symptomatic patients, the 2002 American Association of Neurological Surgeons and Congress of Neurological Surgeons (AANSCNS) guidelines recommended a 3-views cervical spine series. At present, high-quality computer tomography (CT) has been recommended (Hadley et al., 2013). CT is ideal for visualization of most fractures. Magnetic resonance imaging (MRI) allows detailed visualization of the soft tissue structure, and is sufficiently sensitive to reveal abnormal cord signals. MRI is optimal for detecting edema, hemorrhage, and ligamentous injuries. MRI may be required in patients whose clinical presentation cannot be explained by plain film or CT. Radiographic imaging can help anesthesiologists evaluate the level of SCI and cervical spine stability, plan airway management, and determine whether a ventilator is necessary. Only 20% of traumatic injuries are limited to the cervical spine, and 25--50% of CSI patients have associated head injuries (Sekhon et al., 2001). Patients with additional organ damage are more likely to require emergency airway and surgical interventions, and are also susceptible to secondary nerve injury.

Neuroprotection {#sec2-5}
---------------

### Immobilization {#sec3-1}

To reduce secondary injury and mortality, spinal immobilization is widely recommended for cervical spine or CSCI patients. Cervical collars, sandbags, tape, and axial-traction devices are common. Used alone, collars cannot effectively reduce spinal movement (Podolsky et al., 1983; Bednar et al., 2004), and they may limit mouth-opening movements and interfere with airway management (Goutcher et al., 2005).

### Methylprednisolone {#sec3-2}

Although not included in the 2013 guidelines, the 2002 guidelines recommended a high dose of methylprednisolone for patients within eight hours of the injury (Hadley et al., 2013). Indeed, few has known the clinical benefits and various harmful side effects of methylprednisolone, such as hyperglycemia, depression of the immune system, gastrointestinal bleeding, and even death. If surgeons choose to use methylprednisolone, the anesthesiologist should consider the management of potential complications.

GM-1 ganglioside was not recommended for treatment of CSCI in the 2013 guidelines (Hadley et al., 2013). Other substances, such as thyrotropin-releasing hormone, have potential, but require further testing with large clinical trials (Tsai et al., 2005; LiVecchi et al., 2011).

### Hypothermia {#sec3-3}

Moderate hypothermia has been used to target several neurological disorders, including traumatic brain injury and SCI, in a variety of experimental and clinical situations. Deep and sustained hypothermia may lead to complications, including coagulopathy, cardiovascular instability, and infection. Systemic introduction of moderate hypothermia (33°C) appears to be safe and provides some benefits in terms of long-term functional recovery (Dietrich et al., 2011). At present, mild hypothermia or low normothermia have been widely accepted in the management of CSCI patients. Some studies have focused on local hypothermia, but clinical application has been limited due to the small number of samples and the lack of randomization and control.

Airway Management {#sec1-2}
=================

The primary objective when managing the airway in a CSCI patient is to minimize neck movement while rapidly and efficiently securing the airway.

All basic airway maneuvers have effects on the injured neck (Aprahamian et al., 1984). Mask ventilation is a commonly used method, and moves the cervical spine more than any other method (Hauswald et al., 1991). Although cricoid pressure is safe in CSI patients (Donaldson et al., 1997), other types of movement or force may enhance injury.

Direct laryngoscopy induces the greatest motion at the craniocervical junction, moderate motion at the C1 to C2 joints, and causes minimal displacement below C4 in healthy patients (Sawin et al., 1996). Direct laryngoscopy can still cause spinal movement during manual in-line immobilization (MILI) involving a cervical collar and traction, although the movement magnitude is small and within physiological range in the injured spine model (Gerling et al., 2000; Lennarson et al., 2001). Different laryngoscope blades (Macintosh, McCoy, and Miller) are comparable in terms of their influence on spinal movement during direct laryngoscopy (Hastings et al., 1995; MacIntyre et al., 1999; Gerling et al., 2000).

MILI is most frequently used during airway management, and is applied to limited head and neck movement. Although MILI improves laryngoscopic grade in some patients, it increases the failure rate of successful intubations within the first 30 seconds (Nolan et al., 1993; Thiboutot et al., 2009). Compared with collar immobilization, MILI reduces total spinal movement (Majernick et al., 1986; Watts et al., 1997) and improves laryngeal visualization (Heath et al., 1994; Gerling et al., 2000) during oral tracheal intubation. When MILI is in place, the front portion of the collar can be removed to allow for larger openings, thereby facilitating airway interventions. MILI is recommended as an airway intervention standard in known or suspected cervical injury patients.

Video laryngoscopy is an alternative to conventional direct laryngoscopy. Several studies have compared video and direct laryngoscopy, with conflicting results. One study revealed that video laryngoscopy prolonged intubation time (Wetsch et al., 2012). The Airtraq intubation device reduced cervical motion (Hirabayashi et al., 2007; Maruyama et al., 2008) and facilitated intubation (Maharaj et al., 2007; McElwain et al., 2011), while the GlideScope prolonged intubation time. One study reported that the GlideScope reduced moment in a particular cervical segment (Turkstra et al., 2005), while another reported no difference in cervical segment movement (Robitaille et al., 2008). Other devices such as the fiberoptic laryngoscope (Bullard) (Watts et al., 1997; Gerling et al., 2000) and gum elastic bougie (Nolan et al., 1993; Nocera et al., 1996) are important adjuncts during laryngoscopy in patients with suspected CSCI, as these devices can minimize cervical spine movement.

Laryngeal mask airways can cause some posterior displacement at upper cervical levels (Keller et al., 1999; Kihara et al., 2000). Although the above-listed techniques may still produce movements in the cervical spine, this should not prevent them from being used to save lives (Brimacombe et al., 2000). In the "cannot intubate, cannot ventilate" scenario, surgical airway or cricothyroidotomy must be performed.

Although neurological deterioration has been reported in CSI patients with direct laryngoscopy (Hastings et al., 1991, 1993; Muckart et al., 1997), most studies find no deterioration caused by direct laryngoscopy or other airway maneuvers (Rhee et al., 1990; Scanell et al., 1993; Shatney et al., 1995). A wake-up cannula can be neurologically tested after intubation and positioning. However, it requires a co-operative patient. Intubations performed on patients who are awake are not better than those performed in sleeping patients (Crosby et al., 1990; Suderman et al., 1991).

When faced with CSI patients in stable situations (breathing spontaneously with stale vital signs), most anesthesiologists opt to perform awake fiberoptic bronchoscope intubation (Rosenblatt et al., 1998; Jenkins et al., 2002). However, this technique requires adequate training and time for intubation, and is difficult to perform in the presence of blood, vomit, secretions, or distorted anatomy. In emergency situations, most anesthesiologists rely on direct laryngoscopy with MILI for CSI patients. Hence, for each CSCI patient, an anesthesiologist may select an airway management method based on previous experience and the patient status.

Induction {#sec2-6}
---------

There are no specific rules regarding the use of anesthetic for induction. Caution should be used during induction with propofol, benzodiazepines, or barbiturates, because these drugs may cause severe hypotension in patients with hypovolemia. Kematine may increase axial pressure, but this effect can be balanced by the parallel use of hypnotics such as propofol.

Between three days to nine months following CSCI, patients should avoid depolarizing muscle relaxants such as succinylcholine, as these can trigger fatal hyperkalemia (Cooperman, 1970). Non-depolarizing muscle relaxants are preferable because they do not increase axial pressure or induce fasciculation. Stimulation of airway tissue can lead to deep bradycardia, hypotension, and cardiac arrest (Yoo et al., 2003).

Intraoperative Neurophysiological Monitoring {#sec1-3}
============================================

Although intraoperative neurophysiological monitoring is not mentioned in the guidelines, several studies have focused on this method with respect to SCI patients. Intraoperative neurophysiological monitoring is useful for evaluating deterioration of spinal cord function; thus enabling correction of risk factors such as patient location (*e.g.*, neck position and shoulder position), hypotension, hypothermia, and surgery-related factors.

Somatosensory evoked potential (SSEP) is the most widely used monitoring pattern in spinal surgery. SSEP directly monitors the dorsal column-medial lemniscus pathway, but not directly to the cortical spinal cord. Thus, SSEP may provide false negatives in patients with anterior spinal syndrome. The key limitation of SSEP monitoring is the time requirement for data summation. Thus, irreversible nerve damage can occur before the monitoring data can be analyzed. In addition, SSEP has low sensitivity to nerve root injury. When monitoring SSEPs, total intravenous anesthesia or balanced anesthesia with low concentrations of volatile anesthetics may be preferable (Loughnan et al., 1995).

Motor evoked potentials and muscle motor evoked potentials can be used to monitor motor pathways during spine surgery. Since stimulation induces movement, volatile anesthetics and nitrous oxide should be avoided; and when monitoring motor evoked potentials, a total intravenous technique without muscle relaxation is advised (Taniguchi et al., 1993).

Direct waves are generated by transcranial stimulation and are directly monitored at the level of the spinal cord. Direct waves are relatively resistant to anesthetic effects and permit the use of neuromuscular block paralysis.

During spinal cord surgery, spontaneous electromyography is widely used to monitor selective nerve root function. This monitoring prohibits the use of neuromuscular blockades, but allows the use of volatile anesthetics.

Triggered electromyography is used to assess the accuracy of pedicle screw placement. The main limitation of triggering electromyography is the high rate of false positive alarms. As with other forms of electromyography, neuromuscular blockade is prohibited.

Maintenance of Anesthesia {#sec1-4}
=========================

No convincing data have shown any advantages of one anesthetic agent or technique over another. It is crucial that the regimen used enables the maintenance of adequate spinal cord perfusion. Ventilation should be adjusted to maintain normocapnia. With undisturbed CO2 reactivity in the spinal cord perfusion, as exhibited in most patients, excessive hyperventilation may reduce blood flow to areas with inadequate perfusion.

Hyperglycemia must be avoided in patients with severe head trauma. Similarly, a blood glucose concentration above 200 mg/dl must be treated aggressively in acute SCI, because hyperglycemia is associated with poor neurologic outcomes (Drummond et al., 1989).

Cardiovascular System {#sec1-5}
=====================

In acute CSCI, the sympathetic nerve fibers in the superior ganglion can be physically or functionally disrupted, leading to reduced vascular tone and unbalanced vagal hyperactivity. Cardiovascular abnormalities, including bradycardia, hypotension, supraventricular arrhythmias, and cardiac arrest, are caused by autonomic nervous system imbalance.

Bradycardia: In the acute post-injury stage, 64--77% of patients experienced bradycardia with CSCI, especially those with high cervical (C~1--5~) lesions. Bradycardia peaks at four days after injury, and may persist in acute CSI patients for two weeks, during which period a positive sinus rhythm drug or pacemaker may be required (Lehmann et al., 1987; Bilello et al., 2003). Atropine is effective in increasing heart rate. Some procedures, such as oropharyngeal suction and endotracheal intubation, might increase vagal tone and cause cardiac arrest. Therefore, these should be carried out with atropine on hand in case of bradycardia.

Isoprenaline can increase sinus rhythm, but generally leads to arrhythmia. Thus, it is not widely used at present. Salbutamol is a β2-adrenergic receptor agonist used for treatment of asthma. It has a small but direct effect on β1-adrenoceptors, and can increase cardiac output and heat rate (Silke et al., 1999; Cekici et al., 2009).

Hypotension: Systemic hypotension frequently occurs after hemorrhage and neurogenic shock. Neurogenic shock resulting from the loss of central supraspinal sympathetic control and vasodilatation can lead to hypotension and inadequate tissue perfusion (Wuermser et al., 2007). Systemic hypotension reduces spinal cord perfusion pressure and contributes to secondary neurologic injury. It has been suggested that MAP be maintained within 85--90 mmHg, and systolic blood pressure kept above 90 mmHg for the first seven days.

Except for hypotension related to hypovolemia, excessive fluid administration is associated with cardiac failure, electrolyte abnormalities, coagulopathy, significant edema (including airway edema), and prolonged hospitalization in the postoperative intensive care (Rosenthal et al., 1999). Agents with inotropic, chronotropic, and vasoconstrictive properties should be used to maintain blood pressure. Hence, dopamine, norepinephrine, or epinephrine with their α1- and β1-agonist properties are acceptable options. Phenylephrine works as a α1-receptor agonist with minimal β1 effects, which may lead to reflex bradycardia. The use of dobutamine for treating SCI is limited due to its effect on vasodilation and the possible risk of reflex bradycardia (Nockels, 2001).

Acute blood loss leads to hypotension, which requires fluid management. Optimal fluid therapy for SCI patients is unknown. 5% dextrose in water and 0.45% normal saline made from hypotonic crystalloids should be avoided, as these may exacerbate spinal cord swelling. Cardiac output monitoring devices may improve intraoperative fluid delivery and may reduce morbidity resulting from excessive fluid administration. Major blood loss can lead to transfusions. In addition to the known risks of transfusing blood components, including potential transfusion reactions and alloimmunization, as well as the risk of contagion, the cost of blood replacement must be evaluated. Several techniques have been used to minimize intraoperative blood loss, including erythrocyte augmentation, intraoperative antifibrinolytic administration, the use of topical hemostatic agents, intraoperative blood salvage, and postoperative blood salvage (Bess et al., 2006). Because it may exacerbate secondary SCI, hypotensive anesthesia should be avoided in SCI patients.

Coagulopathy can occur during spine surgery after a large number of blood transfusions. When performing multilevel instrumentation, significant blood loss should be anticipated. Homeostasis assays should be used to assess ongoing blood loss during surgery. Standard coagulation tests are too slow for use with actively bleeding patients. However, viscoelastic point-of-care coagulation assays have a rapid turn-around time (Plotkin et al., 2008).

Management in the Intensive Care Unit {#sec1-6}
=====================================

All patients with acute SCI, especially those with severe CSCI, should be managed in the intensive care unit for adequate neurological, cardiac, hemodynamic, and respiratory monitoring. Life threatening cardiovascular instability and respiratory insufficiency may be transient and episodic, and may recur in the first 7--10 days after injury (Ryken et al., 2013). When deciding whether to immediately extubate patients postoperatively, anesthesiologists should consider the extent of the surgery, surgical complications, such as recurrent laryngeal nerve injury, the duration of surgery, prone position, degree of blood loss and subsequent fluid resuscitation, and the ease of intubation. For CSCI patients, respiratory insufficiency may occur not only immediately at postoperation, but may also be delayed.

These patients have a very high risk of thromboembolic complication. Thus, active prophylaxis is recommended for three months, using a combination of low-molecular-weight-heparins and a rotating bed, elastic or pneumatic compression stockings, or electrical stimulation (Dhall et al., 2013a).

Patients will have increased caloric requirements after SCI. Therefore, appropriate nutritional support should be provided. It is safe for SCI patients to meet caloric and nitrogen requirements, and such nutritional support can even reduce the deleterious effects of consumptive processes. Early enteral nutrition (within 72 hours) is safe, but does not affect neurological outcomes (Dhall et al., 2013b).

CSCI patients carry an increased risk of respiratory and/or urinary tract infections, especially with the use of methylprednisolone. Other complications, such as occult peritonitis, may also occur and require attention.

Conclusions {#sec1-7}
===========

Acute CSCI is a severe injury. Anesthesiologists managing patients with acute CSCI should make themselves aware of the relevant pathophysiology and provide specialized care to improve patient outcomes. They are advised to communicate effectively with surgeons, plan well in advance, and execute their plan at each step of the preoperative interview, airway management, induction, maintenance of anesthesia, and postoperative intensive care. In-depth CSCI research is underway to provide more efficient neuroprotective and neuroregenerative solutions for the future.
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